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not suggest that our approach is necessarily always the best.
Table III summarises the strategies recommended for different
circumstances. The approach taken by Cao et all' is likely to
be more suitable in areas of South East Asia with very high

TABLE hIi-Recommended strategies of screening for r-thalassaemias in different
areas

Percentage of Percentage Mean cost
thalassaemia Size of Availability Procedure undetected per sample

in area population of resources thalassaemics (IC)
Step 1 for
whole sample

10 -1 Al Poor and step 2 0-34 1 1
on 15', of
whole sample
Steps 1 and 2

10-20 1 M Reasonable on whole 0 3-5
sample

> 10 Electropho-
abnormal -1 M Poor resis on 0 1-8

haemoglobins whole sample

incidence of x-thalassaemia and 5-thalassaemia, of haemoglobin
E, and of iron deficiency anaemias. For areas with intermediate
incidence, however, such as most of Italy and probably most
of southern Europe, the approach we have described would
seem to provide a high level of reliability with a low cost.

We thank Professors Lucio Luzzatto and Guido Modiano for their
helpful criticism.
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Influence of Doppler ultrasound on fetal activity

A J MURRILLS, P BARRINGTON, P D HARRIS, T WHEELER

Abstract

A randomised and double blind study of 100 subjects
and 50 controls was performed to confirm or refute a
report from Cardiff in 1975 that continuous Doppler
ultrasound, as used in fetal heart rate monitoring,
increases fetal movement by over 90%. The results
showed such an effect to be most unlikely (power >0-99).
A total of 150 pregnant mothers recorded fetal move-
ments for 30 minutes while connected to a specially
modified cardiotocograph, the ultrasound being switched
on at random for either the first or second 15 minutes
in 100 of the patients. The mean difference in 15 minute
movement count, with and without ultrasound, among
the 100 patients was 0-2 of a movement (SD 12-7; p >0 6

Wessex Regional Department of Medical Physics, Southampton
General Hospital, Southampton S09 4XY

A J MURRILLS, MSC, principal physicist

University of Southampton, Southampton S09 5NH
P BARRINGTON, medical student
P D HARRIS, medical student

Princess Anne Hospital, Southampton
T WHEELER, DM, MRCOG, senior lecturer in human reproduction and

obstetrics

Correspondence to: Mr A J Murrills, Wessex Regional Department of
Medical Physics, Level D, Centre Block, Southampton General Hospital,
Southampton S09 4XY.

by two tailed Wilcoxon matched pairs signed ranks test).
The control group showed a mean difference of 2-6
movements (SD 12-1; p >0 2).

Results of a pilot study suggested that the observations
in the earlier report may have been influenced by
mechanisms unrelated to ultrasound.

Introduction

In 1975 David et al reported that exposure of the fetus to
Doppler ultrasound caused an increase in fetal activity of over
90%.1 Four years later, however, two other studies were pub-
lished,2 3 and neither of these was confirmatory. Unfortunately
none of these studies was performed double blind and each
included only a small number of subjects; there were also
appreciable differences between them in experimental design.

Because of the important implications of the results of
David et al we decided that a large, randomised, controlled,
and double blind experiment should be carried out, but whose
design should deliberately be kept sufficiently similar to that of
David et al to permit a meaningful comparison of results. In
order to optimise the design of the main study and provide
preliminary information on fetal movement we also mounted a
pilot study.

Pilot study

Fetal movements felt by 50 mothers or seen by an observer watching
the abdomen were recorded separately on a two channel chart re-
corder using hand held push buttons. No ultrasound equipment was
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used during the recordings, which lasted for 30 minutes. All the
patients were between 28 and 42 weeks of gestation and were selected
at random from a population resting in hospital with various com-
plications of pregnancy. Certain patients were not studied, however,
including those with ruptured membranes, hydramnios or twins, and
those in early labour. Patients taking uterine relaxants or drugs
which could influence the central nervous system were also excluded,
as were those in whom fetal hiccups occurred during the recording.
The patient lay in a lateral or semirecumbent position to avoid supine
hypotension, the blood pressure being checked before and after the
recording. Smoking habits and time of last cigarette, maternal
activity immediately before the recording, time of recording, and
times of last meal and drink (tea or coffee) were also noted.
There was a wide range in the recorded fetal movement counts,

with maternal observations varying from zero to 127 per half hour.
The mean half hour count was 29-3 (SD 26 2), the distribution being
positively skewed and approximately exponential in shape. Observer
counts were at a lower level, on average, ranging from zero to 95 per
half hour (mean 21 7; SD 25 2), the distribution having a similar
shape to that for the maternal counts. Although the difference be-
tween the mother and observer was statistically highly significant
(p<00001, two tailed Wilcoxon matched pairs signed ranks test),
there was good correlation between maternal and observer measure-
ments (Spearman's rank correlation coefficient 08, p<0001, for
15 minute or 30 minute totals and for differences between first and
second 15 minute periods). Other workers have also shown maternal
appreciation of fetal movement to compare reasonably well with
several non-ultrasound techniques4-6 and, in the case of major fetal
movements, also with real time ultrasound scanning' 8 (which, of
course, could not be used in this study). The mother alone therefore
recorded fetal movements in our main study, this also being the
technique used by David et al.1
When the recordings in the pilot study were divided into two

equal 15 minute epochs and the differences in the fetal movement
counts between the two epochs were examined, a significantly higher
incidence of fetal movement was found in the second 15 minute
period (p < 0 01, two tailed Wilcoxon matched pairs signed ranks
test applied either to mothers' or to observers' figures). In an attempt
to discover the cause of this effect the patients were categorised
according to the following factors: time since last meal, time since
last cigarette (if any), degree of maternal activity before the recording,
and change in blood pressure during the recording. Only smoking
appeared to affect the results, though not in a way which could
explain the above finding. There was a trend towards lower counts
and smaller increases over the half hour in those patients who had
smoked recently (less than one and a half hours beforehand), with
some suggestion that the more recent the smoking the lower the
counts and increases. There were too few patients, however, to
permit convincing demonstration of statistical significance. None the
less, because our observations were consistent with those of Thaler et
al,9 who had shown maternally appreciated fetal movements to be
significantly reduced after two cigarettes, we decided that patients in
the main study should not smoke for at least one and a half hours
before their recording.
As recent smoking was not, however, the cause of the increased

fetal movement recorded in the second 15 minute epoch of the pilot
study (this becoming even more pronounced when such patients
were eliminated from the results) the effect remained unexplained
and therefore had to be taken into account in the design of the main
study by including a control group. This took the form of a set of
patients to whom no ultrasound was applied. We also considered
including a further group to whom ultrasound would be applied
continuously, as this would have enabled possible interaction effects
between time and ultrasound to be investigated more closely. We
did not do this, however, because either more patients would have
been needed or the power of the study to investigate the effect of
prime importance (namely, whether or not ultrasound had any
effect at all) would have been reduced.
The data from the pilot study also enabled an estimate to be made

of the number of patients required in the main study to give a high
probability of detecting as statistically significant any effect due to
ultrasound of the magnitude suggested by David et al.1 Using Altman's
nomogram,10 modified for paired data, we estimated that at the count
levels reported by patients in our pilot study a sample size of 50
would give a very high probability (- 0 99) of showing the 900'
increase in fetal movement claimed by David et al as being significant
at the 100 level. This size of sample would still be expected to give a

power of some 900' of demonstrating only a 5000 increase at the
500 level of significance, so that the risk of failing to detect the effect
in question, if it existed, was small.

BRITISH MEDICAL JOURNAL VOLUME 286 26 MARCH 1983

Main study

PATIENTS AND METHODS

The main study comprised three groups of 50 patients selected
according to criteria similar to those used in the pilot study. The
design was randomised, controlled, and double blind, the patients
being allocated to one of the three experimental groups (see table) by
a specially designed electronic device connected to a standard Sonicaid
FM2 cardiotocograph. At the time of a recording this device randomly
initiated one ofthe three sequences shown, so that two experimental and
one control group were gradually built up as the study progressed. The
chart recorder and all dials, lights, and so on, on the cardiotocograph
were disabled so that it was impossible for either the patient or the
experimenter to know when the ultrasound was switched on. Par-
ticular care was also taken to standardise the recording conditions in
the main study; thus there was a 10 minute rest period before the
recordings, and all were made in a single room.

Main study format and results

Ultrasound sequence

Group 1 Group 2 Group 3
(n =50) (n =50) (n =50)

First Second First Second First Second
15 min: 15 min: 15 min: 15 min: 15 min: 15 min:

Off Off Off On On Off

Median No of
movements 80 70 80 90 90 105

Mean No of
movements 131 10 5 13 2 13 4 12 8 12 6

Standard deviation 136 90 148 21 1 138 102

Median difference
(2nd-lit 15 min) 1 1 1

Mean difference
(2nd-lst 15 min) -26 02 02

Standard deviation 12 1 11 8 13 6

Significance* p > 02 p - 0 95 p 0 85

Two tailed Wilcoxon matched pairs signed ranks test.

The procedure was explained to the patient and her pulse and blood
pressure were recorded, together with the lie and presentation of the
fetus. The ultrasound transducer (whose output power and beam
geometry had been checked to be within specification) was then
placed on her abdomen where the fetal heart was heard loudest with
a Pinard stethoscope and retained by the usual elastic belt. She was
then asked to lie in a lateral or semirecumbent position, whichever
was more comfortable, and during the 10 minute rest period which
followed an information questionnaire was completed. Her pulse
was then taken a second time and the recording begun. Only at that
stage might the ultrasound be switched on.
The mother recorded fetal movements on to one channel of a

stereo tape recorder via a hand held push button, while the Doppler
signal from the cardiotocograph (when present) was recorded on the
other channel. This permitted subsequent identification of the periods
when the ultrasound had been on. The observer also used a hand
held push button to indicate the beginning and end of the record
and events such as fetal hiccups or uterine contractions. The end of
the 30 minute recording sequence was automatically signalled by an
audible tone.
To avoid any possibility of bias the recordings were not analysed

until after the data collection had been completed, though to check
for any technical problems and to compile the running total for each
of the three groups a member of the team not participating in col-
lecting the data (AJM) checked the records immediately after replay.
The tape recordings were replayed on to a Devices MX212 two channel
chart recorder and collected in such a way that the operator could
not assess them at that time. Figure 1 shows a typical replayed
recording.
Data collection continued until 50 satisfactory records had been

obtained in each group, and this occurred when 165 recordings had
been made. Of the 15 recordings not used, seven were excluded
because fetal hiccups occurred during them and eight for the following
reasons (one case each): hydrocephalus diagnosed at birth, unexpected
increase in severity of pre-eclampsia during the recording, an equip-
ment fault, unsuitable drugs, failure to comply with the restriction
on smoking, early labour, vagueness on the part of the patient, and
one surplus recording in one group.
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The 150 paper records were analysed by counting the number of
fetal movements marked by the mothers in the first and second
15 minute sections and examining the differences statistically.

RESULTS

The table shows the fetal movement counts for the three groups
and the differences from first to second 15 minute epochs. X2 tests
showed that the count differences were not distributed normally in
any group (p < 0-05 to p < 0-0005); neither were they when all three
groups were pooled (p < 0-0005; fig 2). Because of this (and also on
the results of outlier tests") the Wilcoxon matched pairs signed
ranks test was used to determine the significance of the mean dif-
ference in each group. None of the differences was statistically
significant (p -0-2 for group 1, p 0 95 for group 2, p -0-85 for
group 3). Hence ultrasound caused no significant change in maternally
appreciated fetal activity.

Ultrasound
channel

Start

Movement
channel

1011

power of 99o% to detect an increase of only 60o% (at the p=00-O5
level). Thus our failure to demonstrate the effect was unlikely
to be due to inadequate study size.
We did find a difference between 15 minute counts in the

pilot study, and the reason for this remained obscure. In order
to investigate this problem further the recordings from the
pilot study were broken down into five minute epochs and the
mean movement count among 50 patients calculated for each of
the six epochs in the half hour. When these mean values were
plotted as a graph against time (fig 3) a progressive increase in
fetal activity became apparent (r-=0 95), although the statistical
significance of this observation was difficult to estimate. Finding
this apparent tendency for count rate to increase over the half
hour, however, caused us to look more closely at the differences
between the main and pilot studies. The most obvious was
that in the pilot study both mother and observer recorded fetal
movements, with each being aware of the other's observations

- Uftsoundw
Finish

11 I 1 I

FIG 1-Typical replayed recording in main study. Upper trace shows ultrasound present for only second 15
minutes-that is, record is from group 2. Lower trace shows fetal movements marked by mother together
with start and finish marks applied by observer. Test ultrasound after end of record was applied in every
case to check system, otherwise a record in group 1, in which ultrasound was not on at all, might have been
confused with one in which failure of recording equipment had occurred.
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because the push buttons used clicked audibly. Perhaps,
therefore, a form of positive feedback occurred with each person
in turn increasing the other's awareness of fetal movement. If
this were the case it must serve as a warning of the possible
pitfalls in using subjective techniques of monitoring fetal
movement, and perhaps a similar unknown subtlety could
explain the results of David et all in view of the fact that at
least three other purpose designed studies,2 312 in addition to
our own, have now failed to confirm their findings.
The more recent study by Weinstein et al, 2 published since

the completion of our investigation, included 90 patients, on
whom a total of 196 experiments were performed. Though not
double blind, these tests also showed Doppler ultrasound to

.-- .-

-60 -50 -40 30 20 -10 0 '10 '20 +30 +40 +50 +60 +70
Change in count

FIG 2-Distribution of count differences in main study. Histogram shows
changes in fetal movement count from first to second 15 minute epoch for
all 150 patients, distribution in each individual group of 50 patients being
similar. "Fitted" normal curve shown dotted for comparison (x 2 7=45;
p<000005). Back to back exponential approximation, used in calculating
power of Wilcoxon test, shown dashed.

Discussion

Our main study showed no significant effect of Doppler
ultrasound on fetal movement as perceived by the mother. In
view of this negative result it was important to examine retro-
spectively the statistical power of the Wilcoxon test to uncover
any real effect due to ultrasound. This was done by simulating
the non-Gaussian distribution of count differences (fig 2) with
a back to back pair of exponentials shown to be a reasonable
approximation. The power curves determined by this procedure
showed that each of our experiments in separate groups of
50 patients was almost certain to detect an effect of the magni-
tude observed by David et all-that is, 9000, more fetal movement
when the ultrasound was switched on-and, in fact, had a
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FIG 3-Increase in movement count during recordings in pilot study. Mean
fetal movement count among 50 patients for each five minute epoch of
30 minute records plotted against time. Close correlation between quantities
is apparent (r-0 95). Maternal movement counts used here but observer
counts gave similar result.
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have no significant effect on fetal movement. Interestingly,
however, the same work did show that when connected to the
cardiotocograph the mothers felt 87',', more fetal movements
than otherwise they did whether or not the ultrasound was on.
The authors' suggestion that this was due to heightened
maternal awareness under monitoring conditions seems highly
plausible, and physical causes, such as the presence of the
elastic transducer belts, as well as psychological causes may be
a factor. In any event this observation is certainly consistent
with the impression of many mothers that their baby moves
more during cardiotocography; whether this is actually the
case, even though ultrasound is not the cause, remains a matter
for conjecture.

We thank the consultant obstetric staff of Princess Anne
Hospital, Southampton, Royal Hampshire County Hospital,
Winchester, and St Mary's Hospital, Portsmouth, for permission to
study patients under their care and also the nursing staff and the
patients themselves. The random switching device was designed by
Russell Gasser and constructed by Geoffrey Westgarth, of the
medical physics department, Southampton General Hospital. Much
help with the statistical analyses, for which we are greatly indebted,
was provided by Malcolm Christie and Alastair Brown, of the School
of Mathematics and Computing, Leeds Polytechnic.
A preliminary report of this work was presented at the eighth

International Conference on Fetal Breathing and Other Measure-
ments in October 1981.
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Bronchial reactivity in asthmatic adults with normal
spirometric values

TIM HIGENBOTTAM, T C STOKES, S JAMIESON, L HILL

Abstract

A comparison was made between airways obstruction
produced by exercise, hyperventilation of cold air,
hyperventilation of room air, and inhalation of ultra-
sonically nebulised distilled water. Seven asthmatics
with no airflow obstruction were studied together with
seven normal controls. All four provocations produced
comparable mean reductions in forced expired volume
in one second in the asthmatic patients, but no reduction
was obtained in the controls. Whereas exercise, hyper-
ventilation of cold air, and hyperventilation of room air
were associated with heat loss from airways, inhalation
of nebulised distilled water was not.

Inhalation of ultrasonically nebulised distilled water
offers a simple additional diagnostic test for asthma.
Changes in the osmolality of airway surface liquid may
possibly be the common mechanism by which "fog" and
hyperventilation produce bronchoconstruction.
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Introduction

There is much to support the idea that the fundamental
abnormality in asthma is bronchial hyperreactivity to inhaled
non-specific stimuli or specific antigens or both.' Despite this,
provocation testing is rarely used to diagnose asthma in patients
with normal spirometry. This may be due to uncertainty about
the safety of challenge testing and the time and apparatus needed
to do the test. Most adults, unlike children, are not fit enough
to undertake sufficiently extreme exercise to induce asthma.2

Hyperventilation of large volumes of inadequately conditioned
air,3 which causes loss of heat and water from the airways,
induces bronchoconstriction in asthmatic subjects this response
is comparable to that after inhalation of methacholine.4 As an
alternative to extracting heat and water by hyperventilation
to induce bronchoconstriction, a similar effect may be pro-
duced in asthmatics by inhalation at tidal breathing5 of a
fine mist of either ultrasonically nebulised distilled water or
hypertonic saline.
To establish comparability between these newer provocation

tests we studied the effects on lung function of exercise, hyper-
ventilation of cold and room air, and inhalation of ultrasonically
nebulised distilled water in normal adults and asthmatics with
normal spirometric values.

Subjects and methods

We studied seven patients (mean age 32) with clinically recognised
asthma.6 None was receiving continuous treatment, and six were
taking a f-sympathomimetic aerosol intermittently to control
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